Fresh UN powder of a medium particle size (0.3 m2/g) prepared by nitridation of U powder was exposed to 02 at room temperature in a constant volume apparatus. Oxidation was followed by pressure measurement. Under 02 pressures higher than 3 mmHg the powder ignited instantaneously, probably due to local heating in the surface layers of the powder particles. When the 02 pressure was lower, oxidation proceeded in two clearly distinct stages, without N2 release. The first stage terminated instantaneously.
INTRODUCTION
Room temperature oxidation on UN powder is of practical importance for its connection with powder metallurgical fabrication of UN fuel. The present experiment has been undertaken to obtain basic information on the oxidation behavior of UN powder during storage and handling. While some data(1)~ (5) are already available on the oxidation of UN, they were obtained at elevated temperatures and can not be applied to prediction of the oxidation behavior at room temperature.
II. EXPERIMENTAL
Both the preparation of UN and observation of its oxidation behavior were carried out in a glass constant volume apparatus, which is schematically shown in Fig. 1 . About 1.0 g of relatively fine turning machined from a reactor grade U rod was placed in a quartz sample tube and heated successively in H2 at 250-, in vacuum at 450-, in N2 at 850-and finally in vacuum again at 1,100-C respectively. The gases were supplied from commercial gas cylinders without further purification (see Table 1 ). Formation of UN was verified on a typical powder sample by means of X-ray diffraction, and the N content was spectrophotometrically determined to be 5.53 % (theoretical content in stoichiometric UN is 5.55%). The BET surface area measured by low temperature Kr adsorption was 0.22-0.30 m2/g depending on the duration of heating at 1,100-C. Fresh UN powder thus prepared was cooled to room temperature by removing the furnace. Pressure in the sample tube, during this cooling period (about 40 min) was maintained at a vacuum of the order of 10-5 mmHg to prevent oxidation.
After cooling, O2 (see Table  1 ) was admitted into the sample tube, and pressure change due to oxidation was read as a function of exposure time. A thermister Vacuum gauge corrected for O2 by a McLeod gauge was used for pressure measurement. For pressures higher than 2 mmHg, a U-tube Hg manometer was used.
III . RESULTS

Instantaneous
ignition was observed when the powder sample was exposed to air at room temperature.
In pure O2 the sample ignited instantaneously even under a pressure as low as 3 mmHg.
A test was made in 1 atm Ar containing 1 % O2. No ignition occurred in this case.
It is interesting to note that the partial pressure of O2 in this case represented about 8 mmHg, whereas in the previous case ignition occurred in pure O2 at 3 mmHg. This would be the result of the masking effect of Ar.
When the O2 pressure was below 1 mmHg, while the sample did not ignite, the initial stage of oxidation still proceeded so rapidly that the true oxidation rate (see next paragraph) could not be evaluated by the present method.
The rapid oxidation ended immediately and was followed by a second stage of very slow oxidation. Figure 2 is a typical example of pressure change as a function of exposure time.
It has been reported that at elevated temperatures, the oxidation of UN released N2(2)(4). In order to check the N2 release at room temperature, 2.0 g of UN were prepared and exposed to O2 at a pressure of 0.48 mmHg in the same way, as described in the preceding chapter. The pressure decreased to 0.004 mmHg in 40 min, which, means that the amount of N2 released, if any, was less than 1 % of that of the O2 absorbed. Therefore, considering experimental accuracy, the pressure decrease can be regarded as -Corresponding directly to the O2 absorption, Figure 2 shows that oxidation proceeded in two distinct stages, the first rapid stage and the second slow stage. The second stage obeyed linear rate law with the oxidation preceeding at a constant rate of 0.16 cm3 STP/ m2/hr. The rate of the first stage, as mentioned above,' was too high to be eValuated by the present method. This initial pressure decrease rate was observed to be controlled by the conductance of the tube which connects the sample tube (30 cm3) with the O2 reservoir system including the thermister vacuum gauge (850 cm3). This fact was established by the following experiment: An evacuated glass bulb (1,300 cm3) -a yolume corresponding to the O 2 absorption capacity, as estimated from the 1.0 g UN powder runs -was connected in place of the sample tube and O2 was admitted. The rate of O2 transport through the connecting tube to the bulb -that is, the rate of pressure decrease in the O2 reservoir should be proportional to the pressure in the O2 reservoir at the very beginning when back-stream of O2 from the bulb is negligible. Accordingly, a logarithm plot of pressure should be linear against time. The result of the simulation measurement is given in Fig. 3 . The other set of data shown in open circles is a replot of the initial part of Fig. 2 . The linearity seen in both cases and the good agreement observed in the slopes is evidence that the rate of pressure decrease in the first stage-of Fig. 2 was controlled by the O2 transport through the connecting tube. In the run No. 10 the pressure fell to 10-4 mmHg and was still decreasing. This observation supports the foregoing statement that under the present experimental conditions, N2 is not appreciably released upon oxidation.
In the run No. 9, O2 absorption was first performed , at dry-ice temperature and about a half of the saturation amount was absorbed.
When the sample was warmed to room temperature, additional absorption occurred to attain the room temperature saturation.
In one case, the surface of powder was intentionally contaminated by CO2 chemisorption at room temperature (run No. 8). The amount of CO2 absorbed (0.1 cm3 STP/m2) was of the order required for monolayer coverage.
This extent of the surface These samples were subjected before experiment to heat treatment at 1,100dc for 1 hr in vacuum in order to recondition the surface. This pretreatment produced some release of gas, somewhat less than stoichiometric amount for UN to UO2 conversion.
The gas released would, without doubt, be nitrogen, since the O2 once absorbed would never be removed at 1,100dc. The amounts of O2 absorbed on the three spent samples, as shown in Table 2 , are within the scatter of the absorption amount of the other samples.
The deviations from the average value (-0.2, +0.1 and -2cm3 STP/m2 for the runs No. 4, 5 and 6, respectively)
are not significant considering the accuracy of the present experiment.
Consequently, it may be said that the surface of the spent samples was almost completely reconditioned by the pretreatment so that the oxygen that had been previously absorbed was removed from the surface by inward diffusion.
It may also be said that the increase of over-all oxygen content in the samples did not affect O2 absorption.
Powder samples with their surface saturated with oxygen, did not ignite even in 1 atm O2.
This could provide good means of protection against ignition. The same effect was also found to be attained with samples covered with O2 to only 50% of saturation. Chemisorption of CO2 did not prove effective for ignition protection.
In order to make comparison of the oxidation rates of the second stage, the data from runs in which the O2 pressure was measured for more than 1 hr are plotted collectively in Fig. 4 . The number marked beside each set of plots corresponds to the run No. in Table  2 . To avoid confusion, the data for the first 10 min during which changeover from the first to the second stage occurred (see Fig. 2 ), are omitted.
For the run No. 2 the time of the 3rd O2 charge is taken as the starting time (0 min), and the end pressure given in Table 2 is taken at the pressure of changeover from the rapid to the slow stage. Another O2 charge, in this run, was made during the slow stage by which the pressure was abruptly increased from 0.17 to 0.60 mmHg. Nevertheless the plots for the run reveal no increase in the oxidation rate.
On the whole, Fig. 4 Under pressures where such local heating does not occur, oxidation proceeded only to a small extent as described in Chap. III. Since the state of the oxidized layer was not examined, there is no way of estimating accurately the thickness of the layer. If the oxidized layer is assumed to be UO2, the extent of oxidation in the first stage (see Table  2 ) corresponds to a thickness of about 18A. According to some authors(4)(8) (9), UN is converted to UO2 upon oxidation at elevated temperatures and the rejected N atoms diffuse partly outwards to be released from the surface and partly inwards to form U2N3. In the present experiment, however, no N2 was released, which implies that N atoms were not rejected to any appreciable extent, since it is difficult to conceive how all such rejected N atoms could diffuse only inwards.
Formation of an amophous layer consisting of U, N and 0 ions is a plausible mechanism to explain the observed phenomenon, by analogy with the prenucleation stage of Cu oxidation (10) . Therefore the thickness of the oxidized layer should be somewhat larger than 18A. Penetration of oxygen into a very small depth can be explained either by electrostatic field(11) or by the hot atom effect suggested by Anderson & Gallagher (12) .
The fact that the distance influenced by electron transfer by the so-called tunnel effect is about 20A(13) may also have some relation, but lack of data on the thickness of the oxidized layer prevent meaningful discussion of the penetration mechanism in the present experiment. The unique temperature dependence revealed in Fig. 5 only indicates that the mechanism is complex, since a simple mechanism should occasion a more straightforward temperature dependence such as the Arrhenius type. From the practical point of view, it is the amount of absorption rather than the mechanism that is of interest.
The negative effect on the absorption quantity brought by the 0 content .in UN in the first stage (compare the runs No. 4, 5 and 6 with other runs) extends the application of the present data.
When analyzing the kinetics of metal oxidation in which oxidized layer is limitted to a thin film region, it is customary to treat on the basis of electrostatic field controlled mechanism resulting in logarithmic type rate equations (11) . The electronic structure of UN is very metallic(14), from which the rate law in the present experiment is expected to be of logarithmic type. In actuality this has not been the case, and oxidation proceeded in two clearly distinct stages, so that no single rate equation was satisfied. Of, the two stages, the first stage defied quantitative discussion being too rapid, but for practical application the first stage can be, considered instantaneous. Processes such as chemisorption, hot atom penetration, tunnel oxidation, at room temperature are practically instantaneous.
The time relationship of the second stage, on the other hand, was found to be linear. Such linearity is expected only for mechanism controlled by surface reaction, but this mechanism is ruled out by the fact that O2 pressure had no effect on the oxidation rate in the second stage as mentioned in Chap. ID. The linearity in the present case can be explained as follows: The oxidation in the second stage was measured for only 100 min (see Fig. 4 ) and the amount of O2 absorption in this duration was about O2 cm3 STP/m2 which corresponds to a thickness increase of only 10% of that of the layer formed in the first stage. Therefore the path of ion transfer across the layer which is required for the process of the second stage can be considered roughly unchanged, for the present experiment. Consequently, in the present case, any process, such as nucleation controlled, diffusion controlled, should appear linear in, the length of time observed, though it should reveal itself to be non-linear in the long run.
V, CONCLUSION
Fresh UN' powder of a medium particle size (0.3m2/g) ignites instantaneously at room temperature under O2 pressures higher than a few mmHg. This is due to local heating in the outer surface of the powder particles' When O2 pressure is lower, oxidation proceeds in two clearly distinctive stages without N2 release.
The first stage terminates instantaneously.
Irrespective of differences in sample and in pressure, the amount of O2 absorbed in the first stage has been found almost invariably to be about 1.7cm3 STP/m2, which corresponds
•to the formation of an oxidized layer somewhat thicker than 18A. The powder particles covered with this layer do not ignite even under 1 atm of O2. This is a good means of ignition protection.
The second stage proceeds very slowly and can be completely suppressed by cooling.
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